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Introduction
Up to date, studies of the fractional quantum Hall effect (FQHE) states in the second Landau level have 

mainly been carried out in the high electron density regime, where the electron mobility is the highest. Only 
recently, with the advance of high quality low density MBE growth, experiments have been pushed to the low 
density regime [1], where the electron-electron interactions are strong and the Landau level mixing parameter, 

defined by  = e2/lB/ħc, is large. Here, lB = (ħe/B)
1/2

is the magnetic length and c = eB/m the cyclotron 
frequency. All other parameters have their normal meanings. It has been shown that a large Landau level mixing 
effect strongly affects the electron physics in the second Landau level [2]. 

Experimental
We carried out ultra-low temperature transport studies in very low density and high quality two-dimensional 

electron system at the high B/T facilities in Gainesville. Sample A has a low temperature electron density and 
mobility of n=51010 cm-2 and = 10106 cm2/Vs, respectively. The quantum well width is 60nm. In sample B, 
n=4.11010 cm-2 and  = 9106 cm2/Vs. Low frequency (~ 7Hz) lock-in technique was utilized to measure the 
magnetoresistance Rxx and Ryy.

Results and Discussion
Figure 1 shows Rxx and Ryy at three temperatures of T ~ 16, 18, and 24mK in 

sample A. Noticeably anisotropic transport is clearly seen at n=7/2 at T ~ 16mK. This 
anisotropy disappears at T ~ 24 mK. Figure 2 shows the 5/2 energy gap as a function 
of density. Data from other work Ref. [1,3] are also included.  The inset highlights the 
data points in the low density regime. The 5/2 energy gap first decreases with 
increasing density, reaches a minimal value at n ~ 5.0×1010 cm-2, and then increases 
with increasing density. This density dependence is consistent with a spin transition in 
the fractional quantum Hall effect.

    
Conclusions

Our result shows that the 7/2 state, a FQHE state in high density samples, 
becomes anisotropic in a sample of density n = 5.01010 cm-2. In another sample 
with a lower electron density of 4.11010 cm-2, strong 8/3, 5/2 and 7/3 FQHE states 
were observed. Comparison with previous data suggests that the 5/2 state may be 
spin-unpolarized in this sample. Our results demonstrate that in the low density 
regime the strong electron-electron interactions and large Landau level mixing 
effect play an important role in competing ground states in the second Landau 
level. 
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